A bstract. Plastoquinone-9 (PQ-9) was isolated from the chloroplasts of Euglena gracilis Strain Z and spinach. The functional involvement and the struotural specificity of PQ-9 in photochemical react;ons was investigated in the isolated chloroplasts of Euglena gracilis. It was found that PQ-9 was required for both photoreduction of ferricyanide and photosynthetic phos,phorylation in Euglena chloroplasts. The structural integrity of PQ-9 was not required to the same degree in the 2 photochemical reactions. Photosynthetic phosphorvyation seemed to require the entire molecular structure of PQ-9 for the activity, whereas shortening in isoprenoid ch-ain and modification of quinoid nu.cleus of PQ-9 do not seem to alter the photoreduction aotivity significantly. Addition of PQ-9 to the lyophilized Euglena ohloroplasts inhibited the photoreduction of ferricyanide significantly, while it stimulated photosynthetic phosphorylation activity.
It has been shown that the quinone composition in the chloroplasts of Eiuglena gracilis is significantlv different from that found in spinach chloroplasts. While spinach chloroplasts are known to contain about 9 different quinones including 4 different plastoquinones (1, 2), Fuglena chloroplasts have been shown to have simpler quinone composition stuch as plactoquinone-9, phylloquinone, and a-tocopherylquinone (3) . Participation of some of these quinonAes in photochemical reactions and some structural specificity of these quinones with respect to photochemical reactions have been studied quite extensively in spinach chloroplasts. 'However, similar studies have not been done with Euglena chloroplasts althoutgh this organism possesses a definitely different quinone environment in the photosynthetic organelles. Studies on the photosynthetic phosphorylation with Eutglena chloroplasts are very limited. It was shown that the rate of photosynthetic phosphorylation with Euglena chloroplasts was about 20 ,umoles of ATP formed per hr per mg chlorophyll (4) and more recently, about 37 umoles of ATP were formed (5) . This compares with about several hundred to over a thousand Mumoles of ATP formed per hr with equivalent amounts of spinach chloroplasts (6, 7) . The apparent uniqueness of Euglena chloroplasts in terms of qtuinone composition and some aspects of photochemical reactions led us to investigate the functional involvement of plastoquinone-9 and structural specificity of the quinone in photoreduction and photosynthetic This work was supported by a grant from NSF (GB-4574). 2 To whom all the commun-ications to be addressed. phosphorylation in the chloroplasts isolated from Euglena gracilis strain Z.
Materials and Methods
Cultb'ring Euglena gracilis strain Z. About 3. Preparation of Chloroplasts. Dark green cells were suspended in 10 ml of citrate buffer, pH 5.0 and were sonicated for 2 min with a Branson sonifier. Over 90 % of the cells were observed to be broken by microscopic examinations. Unbroken cells and larger particles were removed by centrifuging the suspension for 5 min at 250g. The homogeneous chloroplasts were obtained by centrifuging the supernatant for 10 min at 1000g.
Isolation of Plastoquiinone-9 From Chloroplasts.
Both spinach chloroplasts and Euglena chloroplasts were used for the isolation of plastoquinone-9 (PQ-9). The chloroplasts were first extracted with about a 100 volume of acetone for an hr followed by an additional extraction with about a 100 volume of petroleum ether (b.p. 30(60°) for an hr. Both extracts were combined and transferred to a 2 1. separatory funnel to which 2 volumes of water were added. Quinones were extracted in to the petroleum ether layer and the aqueous acetone layer was discarded. The petroleum ether solution was concen-trated to about a fifth of the originial volume under reduced pressure and dried over anhydrous sodium sulfate before it was concentrated to dryness. The quinone extract was dissolved in a few mililiters of petroleum ether to be purified by thin layer chromatography. Thin layer chromatogramis were obtained by developing silica gel G plates (thickness: 250 u) in chloroform for about an hr. The detection of PQ-9 was done by spraying the chromatogram with reduced methylene blue wlhiclh revealed the quinone area immediately by turninlg it to blue due to the oxidation of methylene blue by the quinone. The reduced methylene blue was obtained by shaking the mixture of 1 g of Zn dust and 3 ml of concentrated H2S,04 in 25 ml of 0.1 % methvlene blue solution. The separated quinone band on the chromatogram was scraped off the plate and the quinone was extracted with methanol. The methanol solution was concentrated to dryness under redluced pressure.
The purified quinone was redissolved in a small volume of 95 % ethanol for the spectroscopic analvsis. The quantitative analysis of PQ-9 was done bv measuring the absorbance chanige at 255 n,m upon reduction of the quinone by sodiuim borohydride. All the UV absorption measuremiients were done with a recording spectrophotometer, Perkin Elmer, Model 450.
Photoreductiont of Ferricyan ide. Freshly prepared chloroplasts were used for all the reactions. A typical reaction mixture for photoreduction contained the following components in 3.0 ml: chloroplasts equivalent to 30 jug chlorophyll: citrate buffer, pH 5.0, 150 pmoles; NaCl, 30 jumoles: ferricyanide enough to give an OD = 0.40. The absorbance of the reaction mixture at 420 nm wvas nmeasured before and after the 5 well with those reported in the literature (3, 10) . The ultraviolet absorption spectra of oxidized and reduced PQ-9 agree well with the reported spectra (2) (fig 1) . Photoreduction. Freshly prepared Euglena chloroplasts showed active photoreduction of ferricvanide (table I) . This activity is comparable with that reported previously (11) . Upon lyophilization of the chloroplasts. photoreduction activity reduced about 50 % and extraction of the lyophilized chloroplasts with cold heptane for about 15 min further reduced the activity down to about 18 % of the activity of the original fresh chloroplasts. Addition of the heptane extract to the extracted chloroplast recovered the activitv to the level of 32 % (table I). As it has been shown with the heptane extract of spinach chloroplast (6) , it is very likely that the recovery of photoreduction activity by addition of the heptane extract of ELuglena chloroplasts is mainly due to the presence of PQ-9 in the extract. Table I shows the effect of addition of purified PQ-9 on the photoreduction activity of heptane extracted Euglena chloroplasts. Addition of varying anmounts of purified PQ-9, expressed as percent of the amount of ohlorophyll in the reaction mixture, raised the activity to about the same extent as the addition of heptane extract ( showed the highest activity although the other quinones had substantial activities except that a-tocopherylquinone was appreciably lower. XVhen a small additional amount of PQ-9 was added to the lyophilized chloroplasts, a drastic inhibitory effect was observed on the photoreduction activity (fig 2) . The extract was obtained by extracting Euglena chloroplasts equivalent to 100 ug of chlorophylls with 3 ml of cold heptane.
Photosynthetic Phosphorylation. 
Discussion
We studied the possible functional involvement of PQ-9 in photoreduction and photosynthetic phosphorylation with the chloroplasts isolated from Eiuglena gracilis strain Z. This was done first by the method of "extraction and addition" of the quinone which has been used in the similar studies in the chloroplasts of higher plants (6, 12) . Secondly, the study was extended by adding the purified quinone to the non-extracted chloroplasts (lvophilized) to see if there is any stimulation in photochemical activities. The importance of the latter approach in the study of the function of plastoquinone was pointed out by Redfearn (13) although the previous investigators used only the former approach. Our results indicate clearly that PQ-9 is required for the photoreduction of ferricyanide in Euqlena chloroplasts, however, the structural requirement of PQ-9 is not rigid. Although PQ-9 showed the highest activity, plastoquinone homologues and different quinoid compounds which we have tested showed substantial levels of activity, except for a significantly lower activity with a-tocopherylquinone. One might expect that plastoquinone homologues have a similar degree of effect on photoreduction since the oxidation-reduction reactions involving the quinones will occur at the common quinoid nucleus and the isoprenoid chain length may not have much effect on the redox potentials. a-Tocopherylquinone which showed slightly lower photoreduction activity, !9 www. (6) .
When purified PQ-9 was added to the lyophilized Euglena chloroplasts photoreduction activity was significantly inhibited (fig 2) . This phenomenon was not expected and is under further investigation.
The rate of photosyn;thetic phosphorylation with
Euglenta chloroplasts is about 20 p,moles of ATP formation per mg chlorophyll per hr (4) in comparison to several hundreds to over a thousand utmoles of ATP formation oni equal basis in the chloroplasts of higher plants in PMS system (6, 7). During our investigation, the same author reported with Euglena chloroplasts the slightly improved value of the rate of the phosphorylation (5) which was comparable to our value of 40) pmoles of ATP forInation on the same basis. Among plastoquinone homologues, those which contain 4 or more isoprenoid units, showed the recovery of the significant activity of photosynthetic phosphorylation in the quinone-depleted chloroplasts.
All other (quinones which we have tested showed significantly lower activities. These results indicate that the structure of the entire molecule of PQ-9 seems to be requlired and shortening in the isoprenoid chain or the modification of quinoid nucleus makes the quinone less active in the phosphorylation. This observation made with Euglena chloroplasts also agrees with that reported with spinach chloroplasts (6).
When we added PQ-9 to the lyophilized Eutglena chloroplasts the phosphorylation was stimulated in contrast to the photoreduction activitv which was inhibited tinder the similar condition.
